Hepatitis C virus (HCV) remains a major public health threat worldwide, responsible for 500,000 deaths annually; hepatocellular carcinoma (HCC) remains one of the major causes of HCV-related mortality. The global prevalence of HCV is approximately 1.0%, and in developed countries, injecting drug use continues to be the primary risk factor in incident cases. Targeted treatment of people who inject drugs (PWID) is important for achieving the WHO goals of eliminating viral hepatitis, which will have a significant impact on reducing HCC rates. Due to the close relationship between injecting drug use, incarceration and chronic HCV, the prevalence of HCV is up to 40 times greater within correctional facilities compared with the community. However, very few prisoners are treated for HCV while incarcerated. This is a result of financial, logistical and prisoner barriers to HCV care within correctional facilities. In the era of direct acting antiviral (DAA) therapy which is highly efficacious, time-efficient and safe, modelling studies have identified the benefit of increasing HCV treatment uptake amongst PWIDs to reduce community prevalence via treatment-as-prevention. Despite this, there are few real-world data evaluating DAA therapy within prison settings. In this article, we review the barriers to HCV care within prison systems, the outcomes of traditional HCV treatment programs within prisons and emerging data regarding the benefit of DAA therapy within correctional facilities. We present the mathematical modelling regarding the impact of treatment as prevention amongst PWIDs to eliminate HCV as a public health threat and how the prison fits into this paradigm.
INTRODUCTION
Hepatitis C virus (HCV) is a prominent public health issue worldwide. It is estimated that there are over [1] . Over time, HCV mediated inflammation leads to the development of liver fibrosis, and can subsequently cause decompensated cirrhosis and hepatocellular carcinoma (HCC) [2, 3] . HCV accounts for approximately 500,000 deaths per year globally and remains the leading indication for orthotropic liver transplantation in the western world [4, 5] . Viral hepatitis, including HCV, is responsible for > 60% of incident HCCs and was the 7th leading cause of death globally [6, 7] . The advent of direct acting antiviral (DAA) therapy has revolutionised HCV treatment. HCV DAA therapy is highly efficacious, yet simple, safe and short in duration in relation to pegylated interferon-α and ribavirin (PEG RBV) which had significant toxicity and poor efficacy [8] . The introduction of DAA therapy led the World Health Organisation (WHO) to propose targets for the reduction of HCV incidence and mortality of 80% and 65% respectively by 2030 [9] . In developed countries, injecting drug use continues to be the primary risk factor for acquiring HCV, accounting for the majority of incident cases [10, 11] . As such, treatments scale up amongst people who inject drugs (PWID) are key to achieving these elimination targets, which are supported by multiple HCV modelling studies [12] . PWIDs however are often marginalised and historically it's been difficult for them to be engaged in care.
There are an estimated 10 million prisoners worldwide, with over 2 million incarcerated in the USA alone [13, 14] . This population has an extremely high prevalence of chronic HCV infection. Conservative estimates suggest there are approximately 1.5 million prisoners living with HCV at any given time [15] . This reflects the close association between PWID, incarceration and HCV due to the criminalisation of injecting drug use. Incarceration itself is an independent risk factor for HCV infection [16] and over 50% of PWIDs will spend some time in prison [17] . Recent modelling has demonstrated that to achieve the proposed WHO elimination targets, HCV treatments must be significantly scaled up amongst PWIDs to influence reductions in HCV incidence and prevalence [12] . The prison system is an ideal setting for such public health initiatives given these characteristics and can play a key role in elimination efforts. However, to date there has been limited prison based HCV treatment in the setting of prisoner, organisational and funding/policy barriers. In 2015, a survey conducted in 49 of the 50 State Department of Corrections in the US, responsible for the care of 1,348,716 prisoners, estimated that < 1% of prisoners with chronic HCV infection were receiving treatment [18] . This article explores the prevalence of HCV within correctional facilities, presents the existing literature describing the efficacy of HCV treatment, and discusses the barriers to implementation and upscaling of HCV treatment in prisons. Finally, the opportunity for correctional HCV treatment programs to support HCV eliminations goals in the era of DAA therapy is discussed.
HCV PREVALENCE GLOBALLY, IN PWIDS AND CORRECTIONAL FACILITIES WORLDWIDE
Recent systematic reviews have estimated that HCV prevalence is approximately 1.0% worldwide, with 71 million people affected [1] . Countries with high HCV viraemia prevalence include those found in Northern Africa, the Middle East and Central Asia, where prevalence may exceed 3%. A systematic review investigating HCV prevalence amongst PWIDs estimated that worldwide, 67% are affected by chronic HCV. Thirty eight of 79 countries, where data regarding HCV prevalence are available, have a HCV prevalence amongst their PWIDs of greater than 60% -these included China (67%), Russia (72.5%) and the USA (73.4%).
Due to the close association between injecting drug use and incarceration, the high prevalence of HCV within the PWID community has created the epidemic in correctional facilities worldwide. Studies demonstrate that 56%-90% of PWID will spend time in prison during their lifetime and HCV prevalence is up to 40 times higher amongst incarcerated populations when compared with the community [19] . A recent systemic review assessed HCV prevalence amongst incarcerated populations [15] . The midpoint HCV prevalence was 15.1%, equating to 1,546,500 of prisoners globally being affected by HCV [13] , and prevalence exceeded 10% in six of nine regions worldwide. A second review estimated anti-HCV prevalence at 26% amongst prisoners, and 64% amongst those prisoners who were identified as a PWID [20] . Significant heterogeneity between different regions was observed [Australasia (35%), Central Asia (38%) and Latin America (4.7%)] [15, 20] .
HISTORIC HCV TREATMENT AND BARRIERS
Less than one percent of eligible prisoners living with HCV are currently treated while incarcerated [21, 22] . HCV management within the prison relies on screening, clinical and laboratory assessment, specialist assessment, treatment access and confirmation of cure. At each step, there are organisational and financial barriers which have traditionally limited the number of prison based treatment [ Table 1 ].
Screening and assessment
Despite WHO recommendations that all prisoners should be screened for HCV [23] , practice varies greatly worldwide. Only 34% (10/29) of European countries and 20% of the United States jurisdictions report established HCV screening protocols [24, 25] . Furthermore, where HCV screening is available, access to screening may be restricted to prisoners with a risk factor for HCV, such as PWID status or deranged liver biochemistry [26] , despite the fact that incarceration itself is an independent risk factor for HCV infection [16] . Uptake of screening may be variable. A Canadian study identified that only 30% of prisoners were tested while incarcerated although universal opt-in screening being policy, and HCV screening across 21 English prisons reached less than 3% of prisoners [27, 28] . The cause of this is likely multi-factorial, including the cost of HCV diagnostics, the prioritisation of preventative health care within a prison budget, prisoner movement within prison systems limiting health centre access, and the stigma that can be associated with HCV testing [29, 30] . Screening uptake may also be impeded by prisoner factors including lack of knowledge about HCV or fear of diagnosis [31] . PWIDs can have very difficult venous access resulting in fear of venepuncture -one prison based study utilised dried blood spot testing for HCV screening and noted a 12.2% increase in uptake [32] . Barriers to HCV screening may be best addressed by implementing universal opt-out practices in all correction facilities worldwide to increase diagnosis rates and treatment throughput [29] . Seropositive prisoners require further diagnostic testing to confirm chronic infection and stage liver fibrosis. In one study only 62% (n = 1490/2413) of anti-HCV positive prisoners had a HCV PCR test performed during their incarceration [28] . Liver imaging and/or elastography can be challenging. More than 85% of English prisons currently transfer prisoners to an external health centre for ultrasound or liver stiffness measurements (FibroScan) [33] .
Barriers Solutions

Treatment
Even when screening is protocolised [22] , linkage to HCV treatment is often low. In Wisconsin, USA, only 18% of 3126 prisoners affected by chronic HCV were assessed for treatment whilst incarcerated [34] . The need for specialist review can cause considerable delay due to inadequate medical and nursing resourcing on site [30, 35] , a delay which may be exaggerated by the need for transfer to public hospital outpatient departments [33] . Geographical isolation also contributes to delayed assessments. These delays are at odds with the short average prison sentence and frequent prisoner turnover. Prior to the recent introduction of DAAs, the treatment consisted of PEG RBV which was associated with significant side effects and was poorly tolerated. As such many prisoners were ineligible, intolerant or unwilling to undertake HCV therapy [35, 36] . Psychiatric comorbidity was a particular issue, affecting more than 50% of prison populations, and affecting eligibility for treatment [37, 38] . Finally, interprison transfers, frequent in correctional facility networks, can cause disruption and cessation of treatment where treatment programs are siloed to one facility [31, 35] . In the era of well-tolerated and highly efficacious treatments, jurisdiction-wide, coordinated efforts are necessary to develop models of care to overcome these barriers.
The high list price of HCV DAA therapy may also be prohibitive for correctional services due to limitations in fixed healthcare budgets. DAA HCV therapy is expensive. The wholesale price of therapy ranges from $54,600 to $147,000 depending on the regimen selected [39] . Despite this high cost however, due to the much less resource intensive on-treatment monitoring, and the improved efficacy compared with PEG RBV, the price per sustained virological response (SVR) achieved by DAA therapy is cheaper than for PEG RBV [39] .
TREATMENT AS PREVENTION MODELLING, COST EFFECTIVENESS OF PWID TREATMENTS
PWIDs present unique challenges regarding HCV care in the community. A large proportion of PWIDs remain undiagnosed due to limitations in access or availability of appropriate diagnostic services [40] . Diagnosis rates in the general population in Western Countries vary between 15%-86% in the literature, and the diagnosis rate in active PWID is low [41] . Once diagnosed, PWIDs are less likely to access medical care compared with their non PWID counterparts, preventing them from accessing effective treatments [42] . Even in the case of successful linkage to physician care, in the pre-DAA era, less than 20% were commenced on treatment due to multiple patient and physician factors [40] .
The PWID population therefore experiences difficulties progressing though the HCV care cascade. Irrespective of these challenges, to achieve the WHO elimination targets [9] , there needs to be a concerted effort to increase treatments uptake amongst this key population [43] . Multiple mathematical modelling studies have now clearly demonstrated a benefit at a population level of scaling up HCV treatment amongst PWIDs who contribute most heavily to incidence and prevalence. This notion, referred to as "treatment-as-prevention" (TAsP) not only treats the individuals but reduces incident infections via interrupting transmission [44] . Targeted treatment of PWID is therefore a priority for eliminating HCV as a public health threat.
Modelling studies of treating PWID in community
Australia has a policy of universal DAA access, irrespectively of their underlying degree of fibrosis or PWID status, and has been considered in a mathematical modelling study to assess the impact of treatment scale up amongst PWIDs [12] . The Australian model accounted for transmission, reinfection, treatment associated costs and progression of liver disease. It was determined that both the incidence and mortality targets could be achieved by 2030 by delivering 4725 treatments/year to PWIDs, equating to 59 out of each 1000 current PWIDs in Australia. This strategy resulted in a spend of $A3.895 billion over 15 years compared with inaction, but resulted in 132,000 quality adjusted life years (QALYs) gained. Using a willingness to pay (WTP) threshold of $AUD50,000 per QALY, this was cost effective with an incremental cost-effectiveness ratio of $A29,614 per QALY gained. The modelling is reproduced in Figure 1 which demonstrates the rapid reduction in incidence and prevalence utilising this method compared treating those with established liver disease where reductions are only modest [ Figure 1 ].
Iceland also has a policy of universal DAA access [45] . Iceland was also evaluated in an mathematical model to establish key targets required to achieve the elimination objectives as stipulated by WHO [9] . Iceland has a population of 332,000, of which 1300 are estimated to be living with HCV. The modelling determined that if DAA therapy was provided at current treatment levels, accompanied by unchanged HCV testing rates amongst the PWID population, incidence would decrease by 72% by 2030, yet still short of the WHO target. Comparatively, elimination could be achieved by 2030, 2025 or 2020, if 55/1000, 75/1000 or 188/1000 of the country's current PWIDs underwent HCV treatment per year. In all scenarios modelled, the elimination targets were achieved only where treatment was scaled up amongst PWIDs. The researchers did acknowledge that to satisfy this model, an increase in HCV diagnosis amongst Icelandic PWIDs or a 20% increase in harm reduction services is required.
A modelling study regarding PWIDs in Montreal, Canada identified the importance of early HCV diagnosis and prompted linkage to care [46] . Montreal has 4000 PWIDs who are variably involved in HCV care. The researchers established key variables in their mathematical model including the interval between acquisition and diagnosis, time to linkage to care, lost to follow up rates, referral-to-treatment conversion and the efficacy of treatment, defined as likelihood of SVR12. The modelling demonstrated that the greatest incidence and prevalence reductions of 76% and 4.3/100 person years over 10 years respectively were achieved by maximising treatments delivered to PWIDs, irrespective of fibrosis stage, and by improving the cascade of care throughput. Comparatively, where treatments were delivered only to PWID with hepatic fibrosis or cirrhosis, incidence and prevalence estimates were only modestly reduced as TAsP was not achieved. The TAsP principle is supported by an alternate study [47] which demonstrated that treating 120/1000 PWIDs per year in the USA, in a climate of 60% HCV prevalence amongst PWIDs, would achieve elimination within 10 years.
HCV TAsP is also cost-effective. Martin et al. [48] utilised a mathematic model which evaluated the impact of HCV therapy delivered to either PWID, ex-PWID or never-PWID in a setting of varying HCV prevalences. The model considered the effect on transmission, interrupting liver disease progression and reinfection after SVR12. In a climate of 40% chronic HCV infection amongst PWIDs, it was most cost effective to provide HCV therapy to PWIDs with moderate fibrosis, followed by PWIDs with mild fibrosis. Both scenarios were more cost effective than treating ex-or never-PWIDs due to the prevention of incident infections via transmission. Treating PWIDs with moderate and mild fibrosis conferred the greatest net monetary benefit of £60,640 and £59,258 respectively (where chronic HCV infection was 20% amongst PWIDs) by minimising future medical expenditures and gaining QALYs. The cost effectiveness of this approach is in contrast to policies which limit the use of DAAs to patients with advanced fibrosis or cirrhosis only, including in the USA, and will result in higher ongoing HCV related costs despite the failure to control the HCV epidemic [49] .
Modelling studies of treating PWID in prison
The role of prison-based HCV treatment programs to reduce disease prevalence within the broader community has been demonstrated with Scottish data [50] . The model determined 27.7% of incident HCV infections in Scotland related to incarceration, particularly related to the heightened risk of transmission immediately postrelease. Via treatment scale up that would reach 80% of all HCV infected PWIDs with a sentence duration of > 16 weeks, this intervention alone could reduce Scotland's incidence and prevalence by 45.6% and 45.5% respectively by 2030, highlighting the key role of prison based programs to achieve elimination. [12] . HCV: hepatitis C virus; OST: opiate substitution therapy; PWID: people who inject drugs; APRI: aspartate aminotransferase to platelet ratio index Modelling specifically pertaining to the prison system in England demonstrated that in the era of HCV DAA regimens of 8-12 weeks duration for all genotypes, by doubling HCV testing rates on prison receptions (currently at 6% with current UK opt in screening practices) and ensuring 10% of prisoners referred with HCV are treated, prison based DAA treatments are likely to be 99% cost effective under a £13,000 WTP per QALY gained [51] .
CURRENT HCV TREATMENT PROGRAMS WITHIN PRISONS
There are limited data describing HCV treatment in the prison setting, particularly in the DAA era [ . Treatment for HCV using PEG RBV could be delivered in a manner that was safe and effective, but was resource intensive and only suitable for a small number of prisoners [25] , burdened by high rates of adverse effects and treatment discontinuation. The largest prison based PEG RBV study [58] specifically demonstrated that treatment outcomes for therapy delivered to a cohort in both the prison and in the community were not significantly different (61% vs. 63%, P > 0.05). SVR rates were lower when a prisoner was transferred between prisons while receiving treatment or when released on treatment. Frequent interprison transfer and early parole therefore present challenges for correctional treatment programs. Treatment rates remain low. As recently as 2015, a survey conducted in 49 of the 50 State Department of Corrections in the US, responsible for the care of 1,348,716 prisoners, estimated that < 1% of chronically infected prisoners were receiving treatment at that time [18] . While modelling demonstrates that HCV DAA treatment is cost effective and efficacious, there are limited real-world data regarding the use of DAAs in correctional facilities worldwide [ Table 2 ]. A recent publication demonstrated HCV micro-elimination within one prison in a jurisdiction of Australia [59] . HCV DAA therapy was commenced in 119 prisoners. SVR12 data was available for 66 prisoners at the SVR12 time point and on per protocol analysis, SVR12 was achieved in 97% (n = 64/66). Where SVR12 data were not available, prisoners had most commonly already been released. No treatment-related serious adverse outcomes were reported. HCV point prevalence decreased over the study period from 12.6% to 1.1%. A survey of almost all the US prison authorities in 2015 indicated that 90% were in contract negotiations to secure HCV DAA therapy for use within their prisons indicating that existing treatment paradigms within correctional facilities are changing and we await further data. Robust data detailing the efficacy of HCV DAA therapy within the prison are needed to demonstrate the contribution that prison treatment programs can make to the elimination agenda.
CONCLUSION
Concerted efforts to increase HCV treatment rates amongst PWIDs are required to eliminate HCV as a public health threat. Correctional facilities provide ready access to large numbers of PWIDs, a population that is challenging to engage and retain in medical care in the community. The nexus between HCV infection, injecting drug use, and drug-related crime manifests a high prevalence of HCV within the prison.
Treatment as prevention for HCV amongst PWIDs is both efficacious and cost-effective. As injecting drug use is the key driver of HCV incidence, the benefit of this approach is the rapid reduction in community HCV prevalence and incidence, achieved by treating a small proportion of current PWIDs. There is clear evidence of these benefits as supported by multiple modelling studies. Traditional approaches have had limited success improving the cascade of care for HCV among PWIDs [62] . Modelling studies of the impact of TAsP at the population level support the development and implementation of novel public health platforms, including within the prison system. Such prison-based HCV treatment programs will facilitate the engagement and treatment of PWIDs, a key role in promoting the achievement of the WHO elimination goals by 2030.
Multiple barriers within the prison impede HCV management in prisons. Future studies should evaluate models of care that overcome these barriers. It will be important to evaluate the implementation of enhanced opt-out screening programs in all correctional facilities; the benefit of point of care diagnosis and referral on prison reception for reducing the time for diagnosis to treatment; and the benefit of peer-led prisoner education programs to promote uptake of screening and treatment. Historically HCV therapy for prisoners has been impeded by delays in transfer for specialist assessment, frequent prisoner transfer interrupting treatment and the need for frequent transfer to tertiary centres for monitoring and diagnostics. The development of jurisdiction-wide, comprehensive "in-reach" hepatitis treatment program could overcome these barriers and provide HCV care locally at each prison site, minimising the need for transfers.
In conclusion, prisoner hepatitis treatment programs should be included in HCV elimination paradigms to maximise the TAsP effect. Novel treatment programs are needed to access and scale up treatment in these marginalised populations.
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